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I . INTRODUCTION 


The  XM201E2  is  a 155tran  propelling  charge  that  was  designed  to  fire 
zones  6 and  7 from  the  new  extended-range  self-propelled  and  towed 
howitzers.  The  XM201E2  charge  was  developed  to  replace  the  M119 
propelling  charge  which  fires  only  zone  7.  A comparison  between  the 
two  propelling  charges  is  listed  in  Table  I.  The  two  chief  differences 
are  the  propellant  choice  and  the  ignition  mode.  The  XM201E2  charge 
uses  triple-base  M30A1  propellant  which  has  higher  impetus  than  the 
single-base  M6  propellant  in  the  M119  charge.  Less  propellant  is  needed 
for  comparable  performance  with  the  use  of  the  higher-impetus  M30A1; 
this  also  allowed  the  charge  designer  sufficient  free  volume  in  the 
chamber  to  eliminate  placing  a center-core  igniter  in  the  XM201E2 
charge.  This  makes  the  XM201E2  charge  easier  to  load,  pack,  and 
assemble  so  that  the  XM201E2  charge  costs  twelve  dollars  less  to  produce. 
The  only  performance  penalty  is  the  higher  erosivity  of  the  M30A1 
propellant.  To  offset  this,  a Ti02/wax  liner  was  included  in  the  XM201E2 
propelling  charge,  so  that  cannons  firing  the  XM201E2  charge  would 
achieve  the  same  5,000  round  useful  life  as  when  firing  the  M119  charge. 


TABLE  I.  PHYSICAL  COMPARISON  OF  THE  XM201E2  AND  THE  M119  CHARGES 


M119 


XM201E2 


Charge  Diameter,  cm 
Charge  Length,  cm 
Igniter 
Propellant 
Propellant  Flame 
Temperature,  K 
Propellant  Weight,  kg 
Wear-Reducing  Jacket,  g 


15.8  (16.5  max) 
63.5  (66.0  max) 
Centercore 
M6 

2570 

9.30 

None 


12.7  (13.0  max) 

74.9 

Base 

M30A1 

3007 

7.80 

27  (TiO  /wax) 


The  XM201E2  failed  to  meet  the  5,000  round  requirement  . The  tube 
life  was  only  1,000  rounds.  This  was  startling  since  the  zone  8,  M203 
charge,  contained  2.1  kg  more  M30  propellant  than  the  XM201E2  charge, 
yet  eroded  155mm  cannons  slower  than  did  the  XM201E2  charge^.  This 
suggested  that  the  wear-reducing  additive  in  the  XM201E2  charge  was 
ineffective.  This  was  confirmed  using  newly-developed  techniques  to 
assess  the  effectiveness  of  wear-reducing  additives  in  a few  shots  by  ^ 
measuring  heat  input  to  the  barrel  or  the  erosion  rate  of  metal  inserts  ’ 


1.  J.A.  PewwAee,  "155mm  MJS5  Tabz  WzoA  Tzii  Cha/igz  PfLopzLting 

XM201",  Proving  GfLOund  TzJ>t  PzponX  Wo.  JPG-76-601 , Junz  76. 

2.  yPG  Fvu.ng  Report  13703,  15  Moa  77. 

3.  J.R.  UoAd  and  T.L.  Bfioi^zau,  "mzcX  oi  WeflA- Reducing  AdeLLUvzi  on 
Hzat  TfianSizA.  -into  thz  1 55mm  Ml 85  Cannon",  BRL  MR  Wo.  2730,  Feb  77. 
lAD  #A037374) 

4.  F.A.  VofUioiZo , "An  Evaluation  o^  Hzat  lAa»t4((eA  and  EAoA-ion  in  thz 
155mm  M185  Cannon",  Calipan  Tzchnical  Rzpofit  No,  VL-5337-V-1 , Jul  76. 
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Ic  was  further  demonstrated  that  the  T102/wax  additive  was  effective 
when  the  ignition  delay  of  the  XM201E2  charge  was  shortened  by  re- 
placing the  clean-burning  igniter  with  some  black  powder.  Full-scale 
wear  tests  confirmed  these  conclusions^*^,  although  the  wear  life  from 
firing  the  redesigned  XM201E2  charge  still  failed  to  reach  the  required 
5,000  rounds  which  led  to  failure  of  the  XM201E2  charge  to  reach  type- 
classification. 

During  the  screening  tests,  it  was  observed  that  the  barrel  was 
heated  by  the  Igniter  gases.  This  "pre-heating"  was  considerably 
smaller  when  the  ignition  delay  was  shortened  with  black  powder.  One 
explanation  for  the  failure  of  the  TiQ2/wax  additive  to  reduce  erosion 
with  the  clean-burning  igniter  could  be  physical  degradation  of  the 
liner  during  the  pre-heating  phase.  In  order  to  test  this  possibility, 
Lnert-loaded  XM201E2  charges  were  fired  with  clean-burning  and  black 
powder  igniters  in  a closed  chamber  simulating  the  chamber  of  a 135mm 
howitzer. 


II.  EXPERIMENTAL 

The  M30A1  propellant  in  three  XM201E2  charges  was  replaced  with 
an  equivalent  mass  of  inert  propellant.  An  85  g black  powder  igniter 
from  an  M4A1  charge  replaced  the  71  g clean-burning  Igniter  on  one  of 
the  three  inert  loaded  charges. 

The  inert  charges  were  fired  in  a closed  chamber  with  dimensions 
closely  conforming  to  the  chamber  dimensions  in  the  actual  howitzer. 
An  earlier  report  describes  the  laboratory  simulator  in  detail^, 
Klstler  601B  gauges  measured  the  pressure  produced  in  the  chamber  by 
the  igniter  gases. 

After  firing  the  Igniter,  the  distance  the  propelling  charge 
moved  from  the  initial  2.5  cm  stand-off  was  recorded.  The  charge  was 
removed  from  the  laboratory  simulator  and  Inspected. 


5.  P.V.  Taguz,  •'VTIJ  oi  thz  XM/9S,  ?55tnm  HowcCzeA  - XMI99E9  Tube  WeoA 
Invutigation" , Vuma.  PAOv-ing  Ground  F-cA/tng  Report  No.  13702,  1976. 

6.  M.  Kahn,  "Pifuit  L&tteA.  Repo^  0($  VzveXopmznt  Tut  11:  WeoA  P/me 
oi  PfiopzJULing  ChaJigz,  155m  XM201E5,  TECOM  PfWjZcX  No.  Z-MU-004- 
lOI-OOi” , MatzAteZ  Tuting  ViAzctoKotz,  Abe/ideen  PAov^g  Gfvomd, 
MoAgland,  Jut  77. 

7.  K.J.  Uhtte,  R.A.  HoAtman,  l.W.  May,  and  J.R.  Kzt&o,  "ExpeAxmentat 
Jnvutigation  Ignition  JAoin  SyitziM  ioA  Bagged  ChoAgu",  14th 
JANNAF  Combaition  Meeting,  CotoAodo  SpAing&,  CO,  Aug  11. 
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III. 


RESULTS  AND  DISCUSSION 


Figure  1 compares  the  T102/wax  liner  taken  from  the  zone  7 
increment  after  firing  with  a liner  taken  from  an  XM201E2  charge  prior 
to  firing.  Clearly,  the  igniter  gases  from  either  the  clean-burning 
igniter  or  the  black  powder  do  not  melt  or  damage  the  Ti02/wax  liner 
in  any  fashion.  The  liner  from  the  clean-burning  Ignited  charge  looks 
even  more  like  the  original  Ti02/wax  liner  than  the  liner  from  the 
black-powder  ignited  charge.  This  experiment  shows  that  the  "pre- 
heating" seen  in  the  earlier  tests  with  thermocouples  mounted  in  the 
barrel  does  not  damage  the  T102/wax  liner  in  the  standard  XM201E2 
charge  which  might  have  accounted  for  the  failure  of  the  Ti02/wax  liner 
to  exert  Influence  on  the  erosivity  of  the  propellant  gases.  These 
results  do  point  to  the  complex  hydrodynamics  controlling  the  action 
of  the  wear-reducing  liner,  since  the  longer  ignition  delay  of  the 
clean-burning  igniter  somehow  leads  to  failure  of  the  liner  to  reduce 
erosion. 

The  effect  of  the  black  powder  on  ignition  delay  is  evident  in  the 


time  to  peak  chamber 

pressure  given  below: 

Igniter 

P , MPa 

max 

Time  to  ! 

CBI  - Test  1 

2.9 

140 

CBI  - Test  2 

2.6 

180 

BP 

1.8 

64 

Figures  2 through  4 depict  the  pressure  time  for  each  charge  fired. 

It  was  also  noted  the  charge  ignited  with  black  powder  moved  5 cm 
closer  to  Che  end  of  the  chamber  corresponding  to  the  projectile.  The 
charges  ignited  with  the  clean-burning  igniter  moved  'only  2.5  cm  closer 
to  the  end  where  the  projectile  would  have  been  located.  Whether  this 
difference  contributes  to  the  black-powder  Ignited  charge's  lower 
erosion  rate  cannot  be  inferred  from  this  experiment. 

Figure  5 and  6 depict  the  inert-loaded  charges  after  igniter 
firing.  The  zone  7 increment  from  the  black-powder  ignited  charge  had 
been  removed  for  inspection  prior  to  making  the  photograph. 

IV.  CONCLUSIONS 

1.  The  Ti02/wax  liner  in  the  XM201E2  is  not  affected  during 
ignition.  The  failure  of  the  Ti02/wax  liner  to  exert  any  influence  on 
the  erosivity  of  the  XM201E2  charge  must  be  ascribed  to  something  other 
than  liner  degradation  before  the  propellant  ignites. 

2.  The  inert-loaded  XM201E2  charge  moved  5 cm  towards  the  pro- 
jectile base  and  2.5  cm  toward  the  projectile  base  when  fired  with  black 
powder  and  clean-burning  igniters,  respectively. 


4} 

MiSK  1 

L 

Increment  Ti02/wax  Liner  Before  Firing  (top) , Exposed  to  Clean-Burning  Igniter 
(middle) , Exposed  to  Black  Powder  (bottom) . 


liguff  2.  f’rossure  \s  lime  - CI5I  Tost 


• igurc  7>.  Pressure  vs  Time  - CBl  Test 


1 


Fij’iirc  4.  I’rpssuro  vs  limp  - BP  Igniter 


Figure  5.  XM201E2  Charge  After  Ignition  With  Clean  Burning  Igniter 


Figure  6.  XM201E2  Charge  After  Ignition  With  Black  Powder 


REFERENCES 


1.  J.A.  Demaree,  "155nun  M185  Tube  Wear  Test  of  Charge  Propelling 
XM201",  Jefferson  Proving  Ground  Test  Report  No.  JPG-76-601,  Jun  76. 

2.  YPG  Firing  Report  13703,  15  Mar  77. 

3.  J.R.  Ward  and  T.L.  Brosseau,  "Effect  of  Wear-Reducing  Additives 
on  Heat  Transfer  into  the  ISSimn  M185  Cannon",  BRL  MR  No.  2730, 

Feb  77.  (AD  #A037374) 

4.  F.A.  Varssallo,  "An  Evaluation  of  Heat  Transfer  and  Erosion  in  the 
155nnn  M185  Cannon",  Calspan  Technical  Report  No.  VL-5337-D-1,  Jul  76. 

5.  P.V.  Tague,  "DTII  of  the  XM198,  155nnn  Howitzer  - XM199E9  Tube 
Wear  Investigation",  Yuma  Proving  Ground  Firing  Report  No.  13702, 
1976. 

6.  M.  Kahn,  "First  Letter  Report  of  Development  Test  II:  Wear  Phase 
of  Propelling  Charge,  155mm  XM201E5,  TECOM  Project  No.  2-MU-004- 
201-008",  Materiel  Testing  Directorate,  Aberdeen  Proving  Ground, 
Maryland,  Jul  77. 

7.  K.J.  White,  R.A.  Hartman,  I.W.  May,  and  J.R.  Kelso,  "Experimental 
Investigation  of  Ignition  Train  Systems  for  Bagged  Charges",  14th 
JANNAF  Combustion  Meeting,  Colorado  Springs,  CO,  Aug  77. 


16 


DISTRIBUTION  LIST 


No.  of  No.  of 

Copies  Organization  Copies  Organization 


1 2 Commander 

Defense  Documentation  Center 
ATTN:  DDC-TCA 
Cameron  Station 
Alexandria,  VA  22314 

1 Director  of  Defense  Research 
and  Engineering 
ATTN:  R.  Thorkildsen 
The  Pentagon 
Arlington,  VA  20301 

1 Commander 

US  Army  Materiel  Development 
and  Readiness  Command 
ATTN : DRCDMA-ST 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1 Commander 

US  Army  Materiel  Development 
and  Readiness  Command 
ATTN:  DRCDR-ST,  N.  Klein 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1 Commander 

US  Army  Aviation  Research 
and  Development  Command 
ATTN : DRSAV-E 
12th  and  Spruce  Streets 
St.  Louis,  MO  63166 

1 Director 

US  Army  Air  Mobility  Research 
and  Development  Laboratory 
Ames  Research  Center 
Moffett  Field,  CA  94035 

1 Commander 

US  Army  Electronics  Command 

ATTN:  DRSEL-RD 

Fort  Monmouth,  NJ  07703 


1 Commander 

US  Army  Missile  Research 
and  Development  Command 
ATTN:  DRDMI-R 
Redstone  Arsenal,  AL  35809 

1 Commander 

US  Army  Tank  Automotive 
Research  6 Development  Cmd 
ATTN:  DRDTA-RWL 
Warren,  MI  48090 

1 Commander 

US  Army  Mobility  Equipment 
Research  8 Development  Cmd 
ATTN:  DRDME-WC 
Fort  Bel voir,  VA  22060 

1 Commander 

US  Army  Armament  Materiel 
Readiness  Command 
ATTN:  DRSAR-LEP-L,  Tech  Lib 
Rock  Island,  IL  61299 

5 Commander 

US  Army  Armament  Research 
and  Development  Command 
ATTN:  FA  5 SCWSL  - Dr.  D.  Gyrog 
Mr.  H.  Kahn 
Dr.  B.  Brodman 
Dr.  S.  Cytron 
Dr.  T.  Hung 
Dover,  NJ  07801 

6 Commander 

US  Army  Armament  Research 
and  Development  Command 
Large  Caliber  Wpns  Sys  Lab 


ATTN: 

Dr.  J. 

Frasier 

Dr.  H. 

Fair 

Dr.  J. 

Lannon 

Dr.  C. 

Lenchitz 

Mr.  A. 

Moss 

Mr.  E. 

Buchanan 

Dover , 

NJ  07801 

17 


DISTRIBUTION  LIST 


No.  of 

Copies  Organization 

6 Commander 

US  Army  Armament  Research 
and  Development  Command 
Large  Caliber  Wpns  Sys  Lab 
ATTN:  Dr.  R.  Walker 
Dr.  J.  Picard 
Mr.  E.  Barrieres 
Mr.  R.  Com 
Mr.  D.  Costa 
Mr.  K.  Rubin 
Dover,  NJ  07801 

7 Commander 

US  Army  Armament  Research 
and  Development  Command 
Large  Caliber  Wpns  Sys  Lab 
ATTN:  MAJ  J.  Houle 
Mr.  D.  Katz 
Mr.  E.  Wurzel 
Dr,  P.  Marinkas 
Dr.  D.  Downs 
Mr.  R.  L.  Trask 
Mr.  J.  Rutkowski 
Dover,  NJ  07801 

2 Commander 

US  Army  Armament  Research 
and  Development  Command 
ATTN:  DRDAR-TSS  (2  cys) 

Dover,  NJ  07801 

5 Commander 

US  Army  Watervliet  Arsenal 
USA  ARRADCOM,  Benet  Laboratory 
ATTN:  Dr,  I.  Ahmad 

Dr.  T.  Davidson 
Dr.  J.  Zweig 
Mr.  G.  Friar 
Mr.  J.  Bussitil 
Watervliet,  NY  12189 


No.  of 

Copies  Organization 

5 Commander 

US  Army  Watervliet  Arsenal 
USA  ARRADCOM,  Benet  Laboratory 
ATTN:  Mr.  W.  Lewis 
Mr.  W.  Austin 
Dr.  R.  Montgomery 
Mr.  R.  Billington 
Mr,  W.  Collings 
Watervliet,  NY  12189 

1 Commander 

US  Army  Harry  Diamond  Labs 
ATTN:  DRXDO-TI 
2800  Powder  Mill  Road 
Adelphi,  MD  20783 

2 Director 
US  Army  Materials  and 

Mechanics  Research  Center 
ATTN:  Dr.  J.  W.  Johnson 
Dr.  R.  Katz 
Watertown,  MA  02172 

1 Project  Manager 
M60  Tanks 
28150  Dequindre 
Warren,  MI  48090 

1 Project  Manager 
XMl  Tank  System 
28150  Dequindre 
Warren,  MI  48090 

1 Project  Manager 
XMl  Tank  System 
Tank  Main  Armament  Dev  Div 
AITN:  LTC  Appling 
Dover,  NJ  07801 

1 Project  Manager,  ARGADS 

Army  Gun  Air  Defense  Systems 
Dover,  NJ  07801 


18 


DISTRIBUTION  LIST 


No.  of  No.  of 

Copies  Organization  Copies  Organization 

4 Project  Manager  2 Director 


Cannon  Artillery  Wpns  Systems 
ATTN:  Mr.  H.  Noble 
Mr.  F.  Mencke 
Mr.  H.  Hassman 
Mr.  J.  Williams 
Dover,  NJ  07801 

2 Project  Manager  - M110E2 
ATTN:  Mr.  J.  Turkeltaub 

Mr.  S.  Smith 
Rock  Island,  IL  61299 

1 Director 

US  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  ATAA-SL,  Tech  Lib 
White  Sands  Missile  Range 
NM  88002 

1 President 

US  Army  Armor  8 Engineering  Bd 
Fort  Knox,  KY  40121 

1 Commander 

US  Army  Air  Defense  Center 
ATTN:  ATSA-SM-L  (COL  DeMoss) 
Fort  Bliss,  TX  79916 

1 Commander 

US  Army  Armor  Center 
ATTN:  ATZK-XMl 
Fort  Knox,  KY  40121 

1 President 

US  Army  Maintenance  Mgmt  Ctr 
Lexington,  KY  40507 

1 Commander 

US  Army  Field  Artillery  School 
ATTN:  Mr.  J.  Porter 
Fort  Sill,  OK  73503 

3 HQDA  (DAMA-ARZ;  DAMA-CSM; 

DAMA-WSW) 

Washington,  DC  20310 


US  Army  Research  Office 
ATTN:  P.  Parrish 

E.  Saibel 
P.  0.  Box  12211 
Research  Triangle  Park 
NC  27709 

5 Commander 

Naval  Surface  Weapons  Center 
ATTN:  M.  Shamblen 
J.  O'Brasky 
C.  Smith 
L.  Russell 
T.  W.  Smith 
Dahlgren,  VA  22448 

2 Commander 

Naval  Surface  Weapons  Center 
ATTN:  L.  Dickinson 
S.  Mitchell 

Indian  Head  Laboratory 
Indian  Head,  MD  20640 

1 Commander 

Naval  Ordnance  Station, 
Louisville 
ATTN:  F.  Blume 
Louisville,  KY  40201 

2 AFATL  (D.  Uhrig;  0.  Heiney) 
Eglin  AFB,  FL  32542 

1 Battelle  Columbus  Laboratory 
ATTN:  Dr.  George  Wolken 
Columbus,  OH  43201 

2 Calspan  Corporation 
ATTN:  G.  Sterbutzel 

F.  Vassallo 
P.  0.  Box  235 
Buffalo,  NY  14221 


19 


I 


DISTRIBUTION  LIST 

No.  of  No.  of 

Copies  Organization  Copies  Organization 


1 Director 

Lawrence  Livermore  Laboratory 
ATTN : J . Kury 
Livermore,  CA  94550 

I Director 

Chemical  Propulsion  Info 
Agency 

Johns  Hopkins  Road 
Laurel,  MD  20810 

1 Princeton  Combustion  Assoc. 

R-4  Box  911 

Princeton,  NJ  08540 

2 Princeton  University 
Dept  of  Aerospace  and 

Mechanical  Sciences 
ATTN:  M.  Summerfield 
L.  Caveny 

Princeton,  NJ  08540 

1 Purdue  University 

School  of  Mechanical  Engineering 
ATTN:  J.  R.  Osborn 

W.  Lafayette,  IN  47907 


1 University  of  Illinois 
Dept  of  Aeronautics  and 
Aerospace  Engineering 
ATTN:  H.  Krier 
Urbana,  IL  61803 


Aberdeen  Proving  Ground 

Marine  Corps  Ln  Ofc 
Dir,  USAMSAA 
ATTN:  Dr.  J.  Sperrazza 
Air  Warfare  Div 
Ground  Warfare  Div 
RAM  Division 
Cdr,  USATECOM 
ATTN:  DRSTE-FA 
DRSTE-AR 
DRSTE-AD 
Dir,  USAMTD 

ATTN:  D.  Tag,  Bldg.  400 

H.  Graves,  Bldg.  400 
C.  Lavery,  Bldg.  400 
L.  Barnhardt,  Bldg.  400 
K.  Jones,  Bldg.  400 
R.  Moody,  Bldg.  525 


20 


